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Description 

SYSTEM FOR TRACKING AND LOCATING 
AN OBJECT USING A CELLULAR 

NETWORK 

Cross Reference to Related Applications 

[0001] The present application is related to U.S. Provisional Ap- 
plication 60/491,951 filed August 1, 2003 and U.S. Provi- 
sional Application 60/491,952 filed August 1, 2003. 
Background of Invention 

[0002] The present invention relates generally to tracking sys- 
tems for tracking the location of valuable materials, per- 
sons, objects, and more particularly, but not limited, to 
the tracing of stolen articles, object or persons through 
existing cellular network infrastructure, global positioning 
system (GPS), and location algorithms using a combina- 
tion of directional vectors and signal strength estimates 
based on Radio Frequency transmissions. 

[0003] Many systems exist which make use of the constellation of 



Global Positioning satellites orbiting the earth. Such sys- 
tems range from navigational aids to tracking devices. For 
example, there is a vehicle tracking and security system 
that allows immediate response in case of vehicle theft, an 
accident, vehicle breakdown, or other emergency. 
Guardian and tracking functions are provided through 
mobile units installed in hidden locations in vehicles to be 
monitored. The mobile units communicate with a control 
center. Preferably, the mobile unit provides vehicle theft 
and intrusion protection using an in-vehicle alarm and se- 
curity system linked to the control center by a transceiver 
in the mobile unit. Also, a keypad or other human inter- 
face device is provided, allowing a vehicle driver or occu- 
pant to signal the control center that a particular type of 
assistance is needed. The vehicle's location may be auto- 
matically transmitted to the control center along with any 
automatic alarm signal or manually entered request, the 
location being precisely determinable anywhere in the 
world through use of Global Position System (GPS) infor- 
mation. The system provides continuous monitoring of a 
large number of vehicles for a broad range of status and 
emergency conditions over a virtually unlimited geo- 
graphic area, also allowing manual communication of re- 



quests for assistance to that specific location. 

[0004] Another example of the use of GPS to track the location of 
an automobile is an automatic vehicle location system that 
includes a radio positioning system receiver which re- 
ceives GPS radio signals and includes a two-gimbaled gy- 
roscope, which is used by a dead-reckoning positioning 
system. A controller determines position based upon the 
radio positioning system when the radio signals are avail- 
able and upon dead-reckoning when the radio signals are 
not available. The dead-reckoning process is based upon 
a compensation factor, which is established in response to 
data received from the radio positioning system. The 
compensation factor acts as an adjustment to an inner 
gimbal angle to compensate for a minor drift away from 
level by the inner gimbal. 

[0005] a further example might be a method for detecting the 

position of a moving body in which the position of a mov- 
ing body such as a vehicle can be detected with a high de- 
gree of precision. It is possible to perform at least data 
communication using radio waves between radio base 
stations and a vehicle capable of movement. Precise posi- 
tions are stored in advance in the radio base stations and 
radio wave clocks that keep a common time are provided 



in the radio base stations. The radio base stations trans- 
mit radio waves containing this time information. The ve- 
hicle receives these radio waves and determines the dif- 
ference between the received time information a clock 
provided in the vehicle in order to detect the current posi- 
tion of the vehicle by calculating the distances between 
the vehicle and each of the radio base stations. Further- 
more, it is also possible for the position of the mobile sta- 
tion to be calculated using a combination of information 
from the fixed station and information from GPS satellites. 
By employing this type of structure, it is possible to calcu- 
late the position of the mobile station even when it is not 
possible to calculate the position of the mobile station us- 
ing the fixed stations alone or CPS satellite alone. There- 
fore, it is possible to find the position of the mobile sta- 
tion more accurately than when a conventional method is 
used. 

[0006] There also exists a tracking device configured to resemble 
a stack of currency and represents a system for use in 
catching thieves. The device relates to the electronic 
tracking of cash stolen from a bank or other institution via 
an electronic signaling device placed within a stack of 
currency that transmits location information to the au- 



thorities as the cash is moved from location to location. 
The tracking device allows law enforcement officers to 
electronically monitor money stolen from a bank. The 
tracking device is sized to fit within a stack of currency in 
a teller's drawer or a bank's vault. When the tracking de- 
vice is activated, it transmits a beacon signal that continu- 
ously runs for the duration of the battery. Thus, the track- 
ing device would automatically send a signal to either a 
fixed monitoring station, such as a local police station, or 
to a mobile monitoring station, such as a helicopter or 
police car, allowing for continual tracking of the thief in 
possession of the stolen money. By knowing the location 
of the money, the police can track and apprehend the 
perpetrators. It is designed to be a circuit card smaller 
than a dollar bill and thin enough to be concealed be- 
tween two (2) bills, thereby allowing it to be placed into a 
stack of money undetected. Further, the device can be 
waterproofed and made flexible, which will have no effect 
on its ability to be continually tracked, but would prevent 
someone from shorting out the device in liquid. Alterna- 
tive embodiments allow variations of the tracking device 
to be placed within other objects of value. An alternative 
embodiment allows the tracking device to be automati- 



cally activated when it is taken past a certain point 
(electronic fence) from where it is stored. 
[0007] Furthermore, there are tracking systems for tracking the 
location of stolen articles, and more particularly, to dis- 
guised currency bundles for aiding law enforcement offi- 
cials in apprehending thieves and recovering stolen 
monies. The system includes a security pack for assisting 
in the recovery of stolen monies which includes a housing 
disguised as a bundle of currency bills, but containing a 
GPS receiver for receiving GPS signals from overhead 
satellites combined with a cellular phone transmitter 
(Module), a microprocessor, antennae, and a battery. Fol- 
lowing a bank robbery, the microprocessor activates the 
cellular phone transmitter to dial the telephone number of 
a central monitoring station. The microprocessor obtains 
location data from the GPS receiver and transmits the lo- 
cation data, along with identification information, to the 
central monitoring station. The security pack may also in- 
clude a separate, conventional RF beacon transmitter for 
allowing authorities to home-in on the security pack 
within a large building or other structure, either after the 
GPS signals are lost, or after the location of the security 
pack is localized to a specific area, building or individual. 



[0008] All of the devices described above are implemented, or 

require for implementation, access to GPS or a custom ra- 
dio network of receivers. This is an expensive require- 
ment, increasing overall costs and the size of the devices. 
There is thus a need for a smaller, less expensive solution 
to tracking and aiding law enforcement officials in the re- 
covery of lost or stolen articles or missing children while 
utilizing existing cellular telephone network infrastruc- 
ture. 

Summary of Invention 

[0009] | n view of the aforementioned needs, there is contem- 
plated a system, method and device capable of being im- 
plemented using existing communications infrastructure 
to locate a missing, stolen, or lost item or person. 

[0010] | n accordance with the subject invention, there is provided 
a position isolation system comprising at least one 
portable cellular transmitter adapted for wireless data 
communication via an associated cellular communication 
system. Data exchange between the at least one cellular 
transmitter and an associated tracking station is initiated 
via the associated cellular communication system. The 
data exchange obtains additional position data represent- 
ing an associated, cellular relay system through which the 



cellular data exchange is made, enabling isolation of the 
location of the portable cellular transmitter in a limited 
geographic region. The position isolation system also in- 
cludes a secondary transmission system, associated with 
the portable transmitter, that is adapted for outputting in- 
formation representing secondary location data. The sec- 
ondary location data has a positioning resolution within 
that of the limited geographic region. 

[001 1] | n a preferred embodiment, the secondary transmission 
system includes a global positioning system for generat- 
ing secondary location data in accordance with satellite 
acquired positioning data. In another embodiment, the 
secondary transmission system includes means adapted 
for communicating a location beacon to at least one asso- 
ciated receiving station, in order to facilitate the genera- 
tion of the secondary location data. In another embodi- 
ment, the position isolation system also includes means 
adapted for securing the portable cellular transmitter and 
the secondary transmission system, concealed, within an 
associated item of value. The system further includes trig- 
gering means adapted for triggering the activation means 
in accordance with a selected trigger event. 

[0012] Further, in accordance with the subject invention, there is 



provided a system for locating objects. The system in- 
cludes at least one portable cellular transmitter capable of 
wireless data communication using an associated cellular 
communication system. The system also includes a device 
controller, which includes means for acquiring cellular lo- 
cation data representing at least one telecommunication 
cell associated with a transmission from the transmitter. 
The device controller also includes a database, inclusive of 
map information relating to the cellular location data. The 
device controller further includes an interface adapted for 
outputting location data including a selected portion of 
the map information corresponding to the cellular location 
data. The system includes activation means for selectively 
initiating data exchange between the cellular transmitter 
and the device controller via the associated cellular com- 
munication system. The system further includes means 
adapted for initiating a secondary location operation in 
connection with the selected portion of the map informa- 
tion. 

[0013] | n a preferred embodiment, the system for locating ob- 
jects uses means adapted for activating a global position- 
ing system to generate secondary location data in accor- 
dance with satellite acquired positioning data. Means 



adapted for communicating the secondary location data 
are then used to transmit the secondary location data to 
at least one associated receiving system. In another em- 
bodiment, the system for locating objects uses means 
adapted for communicating a location beacon to at least 
one associated receiving station. 

[0014] The subject invention is directed to a tracking system that 
is capable of locating and recovering a person or valued 
article. The system comprises a tracking device 
(hereinafter "Device" or "Unit"), the existing cellular- 
telephone network infrastructure (hereinafter, "Air-link"), 
tracking, database, analysis and display software 
(hereinafter, "Device Controller"), and vehicle-mobile 
(hereinafter "Trackers") direction-finding transceivers and 
man-portable (hereinafter "Hand-Held Trackers") direc- 
tion-finding receivers. 

[0015] | n accordance with the subject invention, the Device com- 
prises a wireless cellular-data modem, a beacon transmit- 
ter, supervisory control logic means, antennae, a portable 
power-supply, a user interface, and an application specific 
enclosure. 

[0016] | n 0 ne aspect of the subject invention, the Device Con- 
troller comprises a computer readable medium of instruc- 



tion for receiving status data from a fielded Device, send- 
ing command data to the fielded Device, providing 
database registration/deregistration for the Device enter- 
ing or leaving service, providing event logging for the De- 
vice in service, providing a graphical tactical display that 
locates all active Devices and Trackers and Hand-Held 
Trackers. The Device Controller suitably shares the track- 
ing data it has collected from all Trackers and Hand-Held 
Trackers, thereby providing each fielded Tracker and 
Hand-Held Tracker with full access to view the tactical 
display of a developing track. Furthermore, the Device 
Controller is capable of acting as a central repository for 
tracking event data, as well as for system administrative 
functions. 

[0017] | n another aspect of the subject invention, there is a 

Tracker comprising a vehicle-portable direction-finding 
("DF") receiver capable of homing in on a beacon signal 
generated by a Device. The Tracker is equipped so that it 
is network aware, as well as position aware. The Tracker 
shall be capable of relaying its own position and the abso- 
lute bearing angle and/or proximity to the beacon trans- 
mitter, i.e., the Device, back to the Device Controller using 
the Air-link. The Tracker is further equipped with means 



to receive, from the Device Controller, tracking data the 
Device Controller receives from other Trackers and Hand- 
Held Trackers, wherein the user of the Tracker is provided 
with access to the full tactical view of a developing track. 
In essence, the Tracker is capable of working in concert 
with other fielded Trackers and Hand-Held Trackers, 
thereby coordinating activities in a "wolf-pack" fashion. In 
an alternate embodiment, the Tracker may also be 
equipped with a global positioning system to provide 
fine-position resolution. 
[0018] | n one aspect of the subject invention, there is a Hand- 
Held Tracker, i.e., a hand-held tracking receiver, to be 
utilized in environments that do not permit vehicle access; 
i.e., within buildings, shopping centers, etc. These devices 
shall also be network- and position-aware; then shall op- 
tionally include fine-position resolution capability using 
the global positioning system (CPS). Each tracking receiver 
shall be capable of relaying its own position and the abso- 
lute bearing angle and/or proximity to the beacon trans- 
mitter back to the Device Controller via the Air-link. The 
Hand-Held Tracker is further equipped with a display and 
user interface, a cellular modem, a microcontroller, and a 
direction finding receiver. In an alternate embodiment of 



the Hand-Held Tracker, there is provided a heading sen- 
sor compass and a GPS receiver. 

[0019] | n another aspect of the subject invention, there is a 

method for using the existing cellular-telephone network 
infrastructure to supply geographic location data of a cel- 
lular site that is currently servicing the Device. 

[0020] still other aspects of the present invention will become 
readily apparent to those skilled in this art from the fol- 
lowing description wherein there is shown and described a 
preferred embodiment of this invention, simply by way of 
illustration of one of the best modes suited for to carry 
out the invention. As it will be realized, the invention is 
capable of other different embodiments and its several 
details are capable of modifications in various obvious as- 
pects all without departing from the invention. Accord- 
ingly, the drawing and descriptions will be regarded as il- 
lustrative in nature and not as restrictive. 
Brief Description of Drawings 

[0021] The accompanying drawings incorporated in and forming 
a part of the specification, illustrates several aspects of 
the present invention, and together with the description 
serve to explain the principles of the invention. In the 
drawings: 



[0022] FIG 1 is an example of a block diagram of a Device; 

[0023] FIG 2 is an example of a block diagram of a Tracking Re- 
ceiver; 

[0024] FIG 3 is an example of a system implementing the subject 
invention; and 

[0025] FIG 4 is an illustration of a flow chart of a method in ac- 
cordance with one aspect of the present invention. 
Detailed Description 

[0026] Throughout this description, the preferred embodiment 
and examples shown should be considered as exemplars, 
rather than limitations, of the present invention. 

[0027] Referring first to FIG 1 there is illustrated a block diagram 
of Device 100. The Device 100 comprises a trigger switch 
102 operatively coupled to a microcontroller 104. It will 
be appreciated by one of skill in the art that the trigger 
switch is suitably constituted by a plurality of different 
mechanisms and electromechanical means. For example, 
the trigger switch 102 is advantageously a reed switch, a 
motion detector, a clock, and a counter, internally or ex- 
ternally activated. An energy source 110 is suitably con- 
stituted by internal or external means, e.g., rechargeable 
batteries, alkaline batteries, photovoltaic cells, fuel cells, 



lithium-ion, nickel-cadmium, or nickel-metal hydride, 
and provides electric power to the various other compo- 
nents of the Device 100. 
[0028] The Device 100 further incorporates a beacon transmitter 
106, and a cellular data modem 108, which is capable of 
including a global positioning system transceiver. The 
beacon transmitter and its attached antenna 112, is com- 
municatively coupled to the microcontroller 104 and re- 
ceives power from the energy source 110. Similarly, the 
cellular data modem/global positioning system 
transceiver 108, and its respective antennae 114 and 116, 
also are communicatively coupled to the microcontroller 
104 and draw power from the energy source 110. One of 
appreciable skill in the art will take notice that the type of 
power source is dependent upon the application for which 
the Device 100 is being utilized. Thus, the capacity of the 
energy source 110 is of a size determined by compatibility 
with the Device's 100 specific application, deployment en- 
vironment, and operational endurance requirements. For 
example, in the case of application to persons, the en- 
durance of the Device 100 will be noticeably longer than 
the application of the Device 100 to a valuable article, 
e.g., a ream of bank notes. 



[0029] The microcontroller 104 implements supervisory logic 
control over the Device 100. The microcontroller 104 is 
responsible for controlling and operating the beacon 
transmitter 106, controlling the cellular data modem 108, 
receiving input from the trigger switch 102 and regulating 
the energy source 110. The microcontroller-logic section, 
exemplified in FIG 1 as the microcontroller 104, is re- 
sponsible for coordinating communications over the Air- 
link, monitoring the Device's 100 user- interface (if any), 
and managing resources used by the Device 100. 
Firmware residing on the microcontroller 104 provides for 
transfer of small data payloads to and from the Device 
100. One of ordinary skill in the art will appreciate that 
such a transfer is suitably implemented using standard 
text-messaging protocols currently in widespread use. 
The firmware residing on the microcontroller 104 is 
equipped to accept operating-mode commands including 
adjustment parameters. This allows the operations of the 
Device 100 to be dynamically and finely tailored to a given 
tracking situation by making transmission rates, cell- 
modem 108 reporting intervals, message recipients, etc., 
remotely adjustable. It will also be understood by those 
skilled in the art that the microcontroller 104 suitably 



comprises ports (not shown) for a variety of sensors, mi- 
crophones, IP cameras, and the like. The addition of vari- 
ous ports to the microcontroller 104 enables a broader 
range of data to be collected by the Device 100. 
[0030] The cellular-data modem 108 is advantageously a pur- 
chased modular sub-assembly, or for volume applications 
may be based upon a fully integrated chip-level design. 
Operatively coupled to the cellular modem 108 is the cel- 
lular modem antenna 114. It will be appreciated that an- 
tenna 114 and 116 are capable of being mounted either 
internally or externally, dependent upon the application 
for which the Device 100 is correspondingly implemented. 
That is, the antenna 114 is able to be visible externally, 
for instance in the case of a child's shoe, belt-buckle or 
the like, or operatively integrated with the enclosure of 
the Device 100, for use with bank notes, works of art, or 
other valuable articles. As one of skill in the art will notice, 
protocols used by the cellular modem 108 will depend 
upon the application of the Device 100, the location of the 
device, and the actual modem implemented. Protocols 
used by the cellular-data modem 108 include, but are not 
be limited to TDMA, CDMA, GSM, IP, TCIP, or the like. The 
choice of cellular-telephone protocol will be dictated by 



the Device's 100 specific application and deployment en- 
vironment. 

[0031] The beacon transmitter 106 is any radio-frequency (RF) 
transmitter known in the art or becoming available in the 
art. For purposes of example only, a suitable variable fre- 
quency transmitter of 160 MHz to 460 MHz is used. An 
example of such a transmitter is the ETS product manu- 
factured and distributed by Spectrum Management, LLC. 
One system employs a proprietary array of antennas dis- 
tributed around an area of interest. This array allows for 
coarse tracking of a transmitter disposed within an area 
covered by the proprietary array. Information obtained 
from this coarse tracking allowed for positioning of sec- 
ondary tracking devices so as to more precisely track a lo- 
cation of the transmitter. Such system, while fully func- 
tional, requires the added expense of installing and main- 
taining the proprietary transceiver network. As such, cer- 
tain areas, such as rural locations, would often lack the 
necessary commercial activity or infrastructure to allow 
for operation. 

[0032] The beacon transmitter 106 envisioned in the preferred 
model of the Device 100 is an amplitude-shift-keyed 
(ASK) very-high-frequency (VHF) RF transmitter circuit 



that outputs 100 mW of RF energy into a 50 Ohms load. 
The beacon transmitter 106 is controlled and operated by 
supervisory logic control means implemented in the mi- 
crocontroller 104. The beacon transmitter 106 is opera- 
tively and communicatively coupled to the beacon trans- 
mitter antenna 112. In one embodiment, the antenna 112 
is integrated into the Device 100 enclosure. The skilled 
artisan will appreciate that the antenna 112 is capable of 
being externally mounted, depending upon the applica- 
tion for which the Device 100 is currently being imple- 
mented. It will be noted that each beacon transmitter 106 
used in implementing the subject invention uses a unique 
identification code. Such code is suitably differentiated by 
software integral to the beacon transmitter 106 or by code 
residing in the microcontroller 104. 
[0033] The Device 100 is capable of implementation in a variety 
of forms, depending upon the application for which the 
Device 100 is utilized. For example, and not intending to 
limit the protection for which the subject invention is 
legally and equitable entitled, there are planar embodi- 
ments, formed cavity embodiments, modular or integrated 
embodiments, embodiments utilizing camouflaged 
means, etc. An example would be a flat, planar embodi- 



ment capable of insertion without noticeable deformation, 
into a stack of bank notes. There is also insertion into the 
sole of a shoe or belt enabling location of a missing per- 
son. Further enclosure embodiments are advantageously 
customized to represent the desired object for affixation 
of the Device 100. 

[0034] Turning now to FIG 2 there is provided a block diagram 

exemplifying the subject invention's tracking receiver 200 
receiving components, or the internal components of the 
Tracker and Hand-Held Tracker. As will be appreciated by 
one of skill in the art, the enclosures for the Tracker and 
the Hand-Held Tracker are capable of taking any number 
of formats, from a laptop computer, a Personal Data As- 
sistant (PDA), a cellular telephone, a desktop computer, or 
the like. Of importance, as observable to the skilled arti- 
san, is the inclusion of the components outlined in FIG 2. 
For purposes of explanation of FIG 2, the term "tracking 
receiver 200" is used to reference the Tracker and the 
Hand-Held Tracker. 

[0035] The tracking receiver 200 of FIG 2, includes a microcon- 
troller 204 suitably adapted to control a variety of inte- 
grated components and external devices. It will be appre- 
ciated by those skilled in the art that microcontroller 204 



is suitably implemented by the microprocessor of a typical 
laptop, desktop or PDA. Operatively coupled to the micro- 
controller 204 of the tracking receiver 200 is a direction- 
finding (DF) receiver 202, with three attached antennae 
218, 220 and 222. As contemplated by the present inven- 
tion, the three antennae 218, 220 and 222 apportioned to 
the DF receiver 202, as will be apparent to one skilled in 
the art, enables the DF receiver 202 to triangulate the sig- 
nal broadcast by the beacon transmitter 106 of the Device 
100. The DF receiver 202 is communicatively coupled to 
the microcontroller 204. The microcontroller 204 then 
implements supervisory logic means stored thereon to fa- 
cilitate the translation of inputs received via the DF re- 
ceiver 202 onto an integrated user interface and display 
206. The microcontroller 204 advantageously varies from 
a microprocessor residing on a laptop computer, PDA or 
other mobile computing device. 
[0036] The microcontroller 204 is operatively coupled to an op- 
tional GPS receiver 212 and an optional heading sensor/ 
compass 208. The optional equipment provides greater 
range and mobility to the tracking receiver 200 than the 
DF receiver 202 alone. The tracking receiver 200 further 
includes a cellular data modem 210 and a cellular modem 



antenna 216 in operative connection with the microcon- 
troller 204. The GPS receiver 212 and the heading sensor 
(compass) 208 are optionally depicted in FIG 2 and do not 
form part of the preferred embodiment. 
[0037] The display and user interface 206 are any display and/or 
user interface known in the art, ranging from an LCD, TFT, 
or other visual means for displaying the output from the 
microcontroller 204 enabling an operator to view a loca- 
tion of the Device 100. A standard QWERTY keyboard, 
touchpad, directional pad, stylus or other input means are 
used to implement the user interface as depicted as the 
display and user interface 206 of FIG 2. The cellular-data 
modem 210 of the tracking receiver of FIG 2 receives in- 
formation from the Device Controller via the existing cel- 
lular telephone network infrastructure. Operatively cou- 
pled to the modem 210 is a cellular antenna 216, which is 
alternatively integrated into the tracking receiver enclo- 
sure or extending externally therefrom. Communications 
between the Device Controller and the tracking receiver 
are transmitted from the modem 210 to the microcon- 
troller 204. Such communication allows the tracking re- 
ceiver to function remotely from the Device Controller and 
allows the operator to participate in the tracking of the 



Device 100. 

[0038] | n an alternate embodiment, the GPS receiver 212, the GPS 
antenna 214 and the heading sensor (compass) 208 are 
also depicted in FIG 2. The inclusion of these two compo- 
nents into the tracking receiver allows the Device Con- 
troller to monitor and plot the location of all tracking re- 
ceivers currently being fielded in the search for Device 
100. The implementation of the GPS receiver 212 need not 
be integral to the tracking receiver. GPS modules are ca- 
pable of subsequent attachment via any means known to 
one of ordinary skill in the art. 

[0039] Furthermore, depending upon the configuration of the 
tracking receiver, the power supply (not shown) for the 
tracking receiver will vary. Such power sources include, 
but need not be limited to, photovoltaic cells, recharge- 
able batteries, alkaline batteries, generator means, or, in 
the case of the vehicle mounted embodiment, directly to 
the 12-volt system operating the internal combustion en- 
gine of the vehicle. 

[0040] As used in FIG 3, the Device 100 is implemented, in the 
form of the planar embodiment, for use with tracking a 
stack of bank notes stolen during a robbery, and for pur- 
poses of explanation, the planar embodiment is repre- 



sented as Device Transmitter 302. It should be appreci- 
ated that the following example is easily relatable to an- 
other valuable article equipped with the Device 100 or 
even a missing child on which the Device 100 has been 
affixed onto an article of clothing. It should also be un- 
derstood by those skilled in the art that the use of a single 
Device 100 is for exemplification only. The subject inven- 
tion is equally capable of employing multiple Devices for 
use in a single stack of currency, layered between or at- 
tached to different bills in the stack. The skilled artisan 
will appreciate that multiple Devices in the stack of cur- 
rency suitably enables continual tracking should one or 
more Devices loose power, be discovered, or be de- 
stroyed. 

[0041] Returning to FIG 3, there is shown a Device Controller 306 
communicatively coupled to cellular towers 310, 312, and 

314, as well as in communication with the Security Agency 

315. The Device Controller 306, as explained above, op- 
erates to coordinate efforts of tracking the Device Trans- 
mitter 302 as it is moved from location to location. As the 
stack of bank notes (not shown) in which a Device Trans- 
mitter 302 is hidden, are removed from the bank drawer 
in which they had previously been stored, the magnet (not 



shown) which had kept the trigger 102, e.g. inverse reed 
switch, opened is removed, thereby allowing the circuit to 
close. This then activates the microcontroller 104 by sup- 
plying power from the energy source 110. The microcon- 
troller 104 uses the cellular modem 108 to connect to the 
existing cellular telephone infrastructure, represented by 
towers 310, 312, and 314. Concurrently with this activa- 
tion of the cellular modem 108, the microcontroller 104 
also instructs the beacon transmitter 106 to begin RF 
broadcast. 

[0042] a s the bank notes in which the Device Transmitter 302 is 
hidden, are brought into the coverage area of the cell 
tower 310, a specific 60 degree Sector 310A of the 360 
degree coverage area around the Cell Site is identified for 
direction purposes when the broadcast signal is picked up 
and the Device Controller 306 receives the signal. The De- 
vice Controller 306 processes the signal, noting that the 
cell tower 310 is the originating tower. The Device Con- 
troller 306 then determines the location of the cell tower 
310 and the 60 degree Sector 310A direction (the Sector 
indicated direction) and plots its location on a tactical map 
for uploading to the Trackers 307, 308, 309 and the 
Hand-Held Tracker 304 (HHT). The Trackers 307, 308, 



309 and the HHT 304 are then directed by the Device 
Controller 306 to the specific Sector 310A coverage area 
of the cell tower 310. The 360 degree coverage area 
around any given cellular tower is divided into six (6) 60 
degree Sectors, represented in FIG 3 as 310A, 312A, 
3 14A, the size of the coverage area varies, but a typical 
coverage area ranges from a diameter of one mile to up- 
wards often miles. It will be appreciated by one skilled in 
the art that the subject invention need not be limited to 
60 degree Sectors. For example, the subject invention is 
equally capable of implementing three (3) 120 degree 
Sectors, or various other arcs of coverage, as dictated by 
the circumstances surrounding implementation of the 
subject invention. 
[0043] while shown as a PDA, it will be appreciated that the HHT 
304 is capable of implementation as any other portable 
communications device known in the art, provided the 
components, as presented herein, are included. Further- 
more, the Device Controller 306 is depicted as a station- 
ary personal computer, however one of ordinary skill in 
the art will appreciate that another computer processing 
device is capable of being advantageously employed in 
the subject invention. 



[0044] The Device Controller 306 is a software application that 
runs on a standard PC, or alternatively is run as a process 
on a multi-tasking server-computer at the Security 
Agency (not shown) location. The Device Controller's 306 
function is similar to that of Area-Wide-Monitor (AWM) 
software, which in essence provides for coarse tracking 
through a proprietary array of antennae distributed 
around an area of interest. The AWM monitors these an- 
tennae using customized software to obtain information 
allowing for the positioning of secondary tracking devices. 
The Device Controller 306 receives status data from the 
fielded trackers 304, 307, 308 and 309, provides 
database registration/deregistration for the Device 100 
entering or leaving the service area, provides event log- 
ging for all Devices in service, and provides a graphical 
representation of locations of both Devices and active 
tracking receivers. 

[0045] as the Trackers 307, 308, 309 and the HHT 304 are vec- 
tored in to the general vicinity of Device Transmitter 302, 
the bank notes in which the Device Transmitter 302 is 
hidden enter the coverage area of cellular tower 312. Typ- 
ical procedure for cellular architecture is to allow the cell 
tower 312 to pick up transmission and the cell tower 310 



to drop transmission. The present invention, however, 
uses the relative known locations of cell towers 310 and 
312, allowing the Device Controller 306 to narrow the lo- 
cation of the Device Transmitter 302 to a much smaller 
area. The art of triangulation is well known in the art and 
need not be re-presented for purposes of this example. 
The narrowed location is then transmitted from the Device 
Controller 306 to the Trackers 307, 308, 309 and the HHT 
304 via the cellular modems 210. At this point in the 
tracking process all vehicles in the law enforcement fleet 
equipped with vehicle data terminals 313, 317, 318, 319 
and 320 become part of the tracking process. 
[0046] Having thus been directed towards the Device Transmitter 
302, the Trackers 307, 308, 309 and the HHT 304 are 
now in range of the beacon transmitter 106. As the four 
trackers 304, 307, 308, 309 approach the Device Trans- 
mitter 302, the DF receivers 202 (located on each tracker) 
triangulate the signal being broadcast by the Device 
Transmitter 302, i.e., the Device 100, located in the stolen 
bank notes. The microcontrollers 204 of the trackers 304, 
307, 308, 309 process the triangulated signals received 
by the DF receivers 202 and present the operators with 
graphical information via the display and user interfaces 



206. Updated information received via the cellular towers 
310 and 312 is continually transmitted to the Device Con- 
troller 306, as well as updated information from the 
trackers 304, 307, 308, 309. This allows the Device Con- 
troller 306 to monitor and direct the trackers 304, 307, 
308, 309 ever closer to the Device Transmitter 302. 
[0047] | n an alternate embodiment, using the above example and 
FIG 3, there is shown one satellite representative of the 
constellation of global positioning satellites 316. In this 
embodiment, the trackers 304, 307, 308, 309 are 
equipped with GPS receivers 212. This embodiment en- 
ables a service provider to use the trackers 304, 307, 308, 
309 to track the Device 100, and then notify authorities to 
move in. Such positioning would be extremely helpful in 
the hands of Federal Bureau of Investigation agents pur- 
suing a kidnapper. The agents in the field could give 
definitive positions, in the form of longitude and latitude 
coordinates to other agents, closing in on the kidnapped 
victim. 

[0048] it should be noticed that the ability to transmit position 

data from a tracker to the Device Controller 306 using ex- 
isting cellular infrastructure has a myriad of potential ap- 
plications. The Device Controller 306 is able to record and 



report last known positions of the Device 100, the Track- 
ers 307, 308, 309 and the HHT 304. Such reports are 
used by law enforcement or search and rescue authorities 
for both the apprehension of criminals and for the rescue 
of stranded hikers. The use of the existing cellular infras- 
tructure further allows the Device Controller 306 to trans- 
fer small data payloads to and from the Device Transmit- 
ter 302, implemented by using standard text-messaging 
protocols still in use. For example, a child's shoe 
equipped with the device notifies the child or responsible 
adult of an emergency. The most appropriate format 
would be latitude and longitude coordinates of the site 
and should include a mean radius of the cell site's Sector 
coverage area. Data transfer protocols should be stan- 
dardized across all network providers. The data interface 
between the existing cellular telephone network and the 
Device Controller 306 could take several forms, including, 
but not limited to, Internet connectivity via an Internet 
Service Provider, dial-in access, or direct access via a cel- 
lular modem at the display console. 
[0049] Referring now to FIG 4, there is shown a flow chart depict- 
ing the operation of the system of the subject invention. 
The operation of the system requires a number of opera- 



tions to be performed to allow the location of the Device 
100 to be used by the Trackers 304, 307, 308, 309. Be- 
ginning at step 402, the cellular modem 108 of the Device 
100 is activated and registered with the cellular network. 
It will be understood, with respect to the subject invention 
discussed above, that the triggering event, i.e., the event 
causing the activation, is any movement or other means of 
activating the Device 100. The method progresses to step 
404 where a determination is made whether the cellular 
network has failed to recognize the cellular modem. If the 
cellular modem is not recognized by the cellular network, 
the method then returns to step 402 and the cellular mo- 
dem again attempts to register with the existing cellular 
network. If the Device 100 has successfully registered with 
the cellular network at step 404, the method proceeds to 
capture the cellular location information from the Device 
100 at step 406. 
[0050] After capture of the location information, the system will 
proceed to step 408, where the location information is 
transmitted to the service provider at the Local Database 
or Internet Service Provider in step 408. The Local 
Database, depending upon the type of services being pro- 
vided, or alternatively, the Internet Service Provider, for- 



wards the information along to the Device Controller 306 
in step 410, or provides the location of the Device 100 to 
the owner as part of the services provided thereto. In the 
event that the information is passed on to the Device 
Controller 306 in accordance with step 410, the Device 
Controller 306 at step 414 receives the information and 
processes the cellular/Sector data and the corresponding 
vehicle tracker data to establish the speed and direction of 
the Device 100. 

[0051] At step 415, the Security Agency 315 receives the infor- 
mation and displays the location on a local map screen. It 
will be understood by those skilled in the art that the Se- 
curity Agency 315 is any governmental or security organi- 
zation capable of locating and/or apprehending the De- 
vice 100. It will be further appreciated by one of ordinary 
skill in the art that any other suitable display will be satis- 
factory to accomplish the forgoing. 

[0052] The Security Agency is then able to forward the tracking 

information to its police units in the field at step 416. This 
equates to the Security Agency, using the information 
garnered from the existing cellular network, to vector its 
units towards the Device 100. Once in the general area, as 
directed by the Security Agency in step 416, the fielded 



units use a vehicle mounted tracker or a Hand-Held 
Tracker to close in on the Device 100. 

[0053] Alternatively, as shown in FIG 4, when the cellular network 
is not available, the Device 100 activates a Radio-Fre- 
quency (RF) transmitter at step 407. At step 409, the De- 
vice Controller 306 receives the RF transmission and be- 
comes aware of the activation. The Device Controller 306 
then notifies tracking vehicles of the activation at step 
411. Beginning at step 412, the tracking vehicles receive 
the RF transmission from the Device 100. The tracking ve- 
hicles then send their corresponding location, direction, 
signal strength and direction from which the RF transmis- 
sion is being received to the Device Controller 306 at step 
413. The system then returns to step 414, where the De- 
vice Controller 306 processes the incoming information in 
order to accurately determine the location, speed and di- 
rection of the Device 100. The system continues to oper- 
ate as set forth above. 

[0054] The embodiments above allow for a non-governmental 
entity, in the form of a service provider, to provide secu- 
rity for a customer. That is, the service provider is able to 
provide a customer with the whereabouts of the cus- 
tomer's tagged objects at any time. In the event the 



tagged object has been purloined, the service provider is 
even able to direct the police to the location of the miss- 
ing object, using nothing more than the existing cellular 
telephone network infrastructure. 
[0055] The invention extends to computer programs in the form 
of source code, object code, code intermediate sources 
and object code (such as in a partially compiled form), or 
in any other form suitable for use in the implementation 
of the invention. Computer programs are suitably stan- 
dalone applications, software components, scripts or 
plug-ins to other applications. Computer programs em- 
bedding the invention are advantageously embodied on a 
carrier, being any entity or device capable of carrying the 
computer program: for example, a storage medium such 
as ROM or RAM, optical recording media such as CD-ROM 
or magnetic recording media such as floppy discs. The 
carrier is any transmissible carrier such as an electrical or 
optical signal conveyed by electrical or optical cable, or by 
radio or other means. Computer programs are suitably 
downloaded across the Internet from a server. Computer 
programs are also capable of being embedded in an inte- 
grated circuit. Any and all such embodiments containing 
code that will cause a computer to perform substantially 



the invention principles as described, will fall within the 
scope of the invention. 
[0056] The foregoing description of a preferred embodiment of 
the invention has been presented for purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Obvi- 
ous modifications or variations are possible in light of the 
above teachings. The embodiment was chosen and de- 
scribed to provide the best illustration of the principles of 
the invention and its practical application to thereby en- 
able one of ordinary skill in the art to utilize the invention 
in various embodiments and with various modifications as 
are suited to the particular use contemplated. All such 
modifications and variations are within the scope of the 
invention as determined by the appended claims when in- 
terpreted in accordance with the breadth to which they are 
fairly, legally and equitably entitled. 



